Our understanding of FMRI trinucleotide instability has increased dramatically with knowledge ofits detailed structures. While most arrays seem to be protected by interspersions, for a few the price of perfection is instability. Although there remain many unanswered questions, diagnosis in the "grey zone" can be greatly improved by studying array content. For the future, as we strive to delineate normal from premutation, we should increasingly be able to estimate rates of instability for future generations and predict the risk of conversion to the full mutation.
In the normal population, FMR1 trinucleotide array length has a discontinuous bimodal distribution ranging up to 54 repeats.' Ninety-five percent of arrays are less than 40 repeats in length and only 1 to 2% are longer than 46. A large number of molecular studies of fragile X families has helped to establish diagnostic boundaries for the various classes of mutation. On alterations in the length of the uninterrupted portion ofthe repeat. In the one fragile X family in which progression of the premutation to full mutation was followed, the uninterrupted portion of the array expanded without loss of a 5' AGG. 4 Several arrays have been identified as being genetically unstable, but are not known to have been associated with fragile X syndrome (figure B). In this class of arrays the shortest array exhibiting instability was (CGG)34,6 although an array of (CGG),,(AGG)(CGG)30 has also been shown as being unstable.4 Thus uninterrupted tracts as short as (CGG)wo may exhibit instability. When an overall comparison is made between (CGG)D length and genetic instability, the degree of instability correlates well with its increasing length.6 Therefore the longer the uninterrupted (CGG)I, portion the more unstable the array appears to be. One would expect that these longer tracts of perfect repeat would have a higher probability of slip strand mispairing during replication which would lead to their further expansion. This appears to be the case for the SCAI associated (CAG)n repeat array where 98% of arrays are interrupted, whereas the disease associated arrays are perfect arrays.10 Similarly for DM, a rare stable array within the unstable size range was shown to carry an interruption."
Precursor arrays in the populations The realisation that unstable arrays have longer 3' CGG tracts raises a question as to whether normal sized arrays which carry these may be precursors that will eventually progress into the premutation range. They appear to occur more frequently upon chromosomes carrying flanking marker haplotypes which are associated with fragile X chromosomes, suggesting that this is indeed the case.45 Such arrays fulfil the criteria for a group of alleles predisposed to transition to premutation (S alleles) as proposed by Morton and MacPherson." Their presence in the current population indicates their relatively stability and longevity, while the longer tract of (CGG)n would be expected to give them an increased propensity for further mutation. Their structure also suggests that they have arisen by the loss of the interspersed AGG triplet, either by deletion or conversion to CGG, although by what mechanism such a loss might occur and apparently be directed toward the 3' end of the array is unknown. Thus, such rare events could give rise to founder chromosomes from which most fragile X arrays are descendent.
If (CGG)n length is the only critical factor in array instability, then at what point do we consider arrays as potentially capable of progression to premutation? By comparison with the lengths of triplet arrays associated with other triplet repeat expansion disorders, it has been suggested that a critical threshold is reached at 24 Arrays in this size range should be analysed for FMR1 t?iplet arrays: paying the pnrce for perfection (CGG),, content, either with direct sequencing or the coupled PCR restriction digest analysis. The predicted level of instability will depend upon the profile of AGG interruptions; thus for two arrays of 52 repeats, one with 10 A 10 A 9 A 9 A10 structure would be considered as normal with a low risk, whereas an array of 9 A 42, should be considered as high risk. In the latter case, the only currently available option for further investigation is to determine the degree of instability by extended family analysis. This will inevitably lead to more arrays being considered as potential premutations. As no data are available to provide a quantitative estimate of instability in the intermediate range, such arrays will prove difficult for counselling purposes as no clear cut answer is available. Several points should be borne in mind with these cases. Firstly, the risk of conversion to a full mutation is still dependent upon passage through the female germline; thus for these alleles transmitted from a male the risk will be zero. Secondly, arrays within this intermediate zone of instability are unlikely to carry a significant risk of conversion to the full mutation in a single generation, as with all the fragile X families which have been analysed to date no premutation has been reported smaller than 54 repeats in length. In the limited sequence analyses to date, the smallest array which has given rise to a fragile X chromosome contained 56 uninterrupted repeats and expanded over two generations.6 In contrast, an array of 55 repeats progressed through six unstable transmissions without converting to a full mutation. 16 This latter example should be treated with a degree of caution as this array is not known to have ever progressed to a fragile X array.
Small alterations in array length can also result from the interchange ofrepeats caused by normal recombinational activity at the FMR1 array which is unlikely to be associated with the mutational process of the fragile X syndrome. The interrupted nature of the FMR1 array bestows a larger repeat feature upon each array, such that each block of (CGG)9AGG can function as a repeat unit in itself much like a minisatellite. Thus, sudden jumps in size, increasing or decreasing the array length, can occur. One such exchange event has been described which resulted in a new array of normal size which had increased in size by 10 triplets through an addition of a (CGG)X(AGG) unit during male meiosis. 6 One other published case appears to be a similar type of event. The sequencing of such arrays should confirm a normal interrupted pattern.
